ABSTRACT: Brazil is the world largest meat exporter and one of the most recent demands of the import market is directed towards animal welfare. Codes, norms and legislations used in Brazil are out of date, and in most cases those adopted for both poultry and swine production are based on international standards to meet trade requirements. This research aimed to study and describe an overall scenario of the standards, norms and legislations for animal welfare items applied to broiler and swine production: rearing, handling and transportation. The critical points of these items were identified in accordance to standards and current literature on animal welfare issues, effective on January 2008. The comparison was based on given scores varying from 1-5 (very bad to very good) as function of the existence of standard norms and legislations for each country and/or economic block, and for each type of demand, as well as the level of adoption by producers. When compared to counterparts Brazil detained the lowest score for all types of demands, and its mean score of norms is lower (p < 0.05). For both poultry and swine production the European Union provides detailed information to producers, followed by Australia and United States. Exception is made to standards in moving or transporting swine within the farm. Brazilian legislation for poultry production presents a general insufficiency of 58%, while in swine production the highest deficit is in transportation. There is a need to invest in updating animal welfare standards, norms and legislation in the country for maintaining its international competitiveness. Key words: animal production, rearing, transportation, environment, norms
INTRODUCTION
World meat consumption is nearly 40 kg per capita year -1 and in developing countries it increased from 14 to 30 since the eighties (FAO, 2006; USDA, 2005) . Poultry and swine production in Brazil has high de-gree of mechanization and control of operations, and the export market includes countries such as Russia, Canada, Japan, China, the Arabian countries and the European Union (Boni & Paes, 2000; Nääs & Mantovani, 2002; USDA, 2005) . Due to consumer demands and afterwards reinforced by governmental regulation in some regions, and further on by private certification agencies, the demands towards animal welfare have increased along with other issues related to international trade, such as children labor and sustainable agricultural production (EUREPGAP, 2005; European Commission, 2006; Horne & Achterbosch, 2008) .
Even though the primary role of farm animals is for human food consumption, and the level of inputs such as feed, housing, disease control and environment management has reached a high degree of technology, the production process has been pushed to its biological limit and there is an increasing challenge to meet animal well-being, or yet human-perceived welfare (Dawkins, 2003; McInerney, 2004) . Handling procedures, stocking density, free access to feed and water, adequate housing and air quality are well documented and have been regulated in several countries (Albright, 1990; Boivin et al., 1992; Silva, 2001; Wathes et al., 2002; Pawelek & Croney, 2003; Moura et al., 2006; Romanini et al., 2008) . Comprehensive knowledge of farm animal behavioral activities is important for the improvement of animal husbandry, and related information has been used for establishing appropriate directives and legislations for animal welfare worldwide (Duncan et al., 1991; Brüninghaus, 1993; Snowdon, 1999; Puma et al., 2001; Dawkins, 2003; Wechsler, 2005) . Brazilian legislation does not specifically address animal welfare issues and producers involved in the international meat export market rely on standards and information found in codes of good practices published by extension and research institutions (Brasil, 2001; Dias, 2000; Amaral et al., 2006; Avila et al., 2007) , on international private certification agencies (EUREPGAP, 2005) , and in current available literature (Silva, 2000; Cony & Zocche, 2004; Tolon & Nääs, 2005) .
This research aimed to build up an overall scenario for broiler and swine welfare by comparing codes, norms and legislations, in which the largest world meat producing countries were evaluated, using a set of international trade recommendations.
MATERIAL AND METHODS
Legislation from three countries (Brazil, Australia and the United States of America, USA) and an economical common market (European Union, EU) as well as standards, norm and instructions from certification and accreditation, state and private institutions (DEFRA and EUREPGAP) were analyzed.
Since welfare of animals is not a simple concept. It needs to be analyzed in a wide range of identified outcomes. It can vary according to the levels by which human perception would judge it, within a certain range varying from "bad" (low welfare standard) to "excellent" (high welfare standard). In most countries the status of the welfare codes which specify aboveminimum standards are at present advisory rather than compulsory, as it is not yet clear if a declared choice of policy should be made in the general (rearing conditions) or specific grounds (teeth and tail cutting and beak trimming) of welfare standards. Furthermore, since the public good aspect of animal welfare is absolute (as if it effectively decreases the value gained from the livestock product when not met), the eventual economic sanctions against failing to meet the minimum established standards need to be sufficient (generally not due to several reasons, among them the economic) to detain any producer from taking the risk of seeking non-welfare productivity gains (McInerney, 2004) .
In absence of laws and directives whose application needs to be either advisory or compulsory, any existing norms were considered as guidance to be adopted by producers, and although in a voluntary basis, they were taken into account in this specific research, as existing regulation. Due to the increasing consumer demands, welfare international codes have been evolving considerably over time, focusing on the identification of the boundaries of public interest to underline the increment treated as ethics. Facing this restrain, it was necessary to establish a timeline for this present scenario; so, the reviewed references were considered up to March 2008.
Numerous educational, assessment and certification programs have been lately created and marketed to ensure transparency, creditability and accountability for the methodologies utilized for farm animals. They differ in specific statements but there are common points which were taken into account, and were the most representative for the meat trade demands were then selected, according to the available knowledge (Duncan et al., 1991; Snowdon, 1999; Puma et al., 2001; Dawkins, 2003; Pawelek & Croney, 2003) .
Two species in production were selected for the study, broiler chicken (G. gallus domesticus) and swine (S. domesticus), considering their rearing under average local conditions. Poultry production was taken into account from the first day of rearing to the day the flock was harvested and transported to slaughter. Swine production was studied starting in the growing towards the finishing phases. The main provision of Directive 2007/43/EC is to reduce the animal stocking density by setting a maximum value, for instance broiler density up to 39 kg m -2 (European Commission, 2007) . The Directive also sets standards covering other housing conditions such as lighting, litter, feeding and ventilation requirements. Due to the warm climate, Brazilian and Australian farmers keep broilers at a relatively low stocking density of approximately 35 kg m -2 distinct from growers at USA, and this lack of uniformity was the reason that stocking density was not evaluated in this study. It was assumed that the housing environment would point towards a broad view of rearing issues, which are well defined under international trade codes for both poultry and swine production.
Broilers -
The most common issues involving problems found in broiler production were considered, related to three specific topics: transportation (from hatchery to farm and from farm to slaughter); management (beak trimming, rearing and feeding); and housing environment (heat stress, ammonia concentration and noise level).
Swine -Critical points for achieving good welfare degree were considered in: transportation (within the farm and from farm to slaughter); management (castration, rearing and feeding); and housing environment (heat stress, ammonia concentration and noise level). Certain specific welfare items were not analyzed such as: early weaning; and piglet tail cutting and teeth trimming.
Scores were given to each specific demand in relation to its requirement in international codes, in a range of 1 to 5, where each value was related in accordance to the EUREPGAP (2005) norms such as: 1 = very bad (there is no norm regarding this subject when compared to the international standards), 2 = bad (there are few norms and few or none for compliance), 3 = average (there are norms for at least half of those in the international standard), 4 =good (there is a great deal of norms and regulations regarding several events during production and a good degree of compliance), 5 =very good (codes and regulations agree totally with the international norms and there is a high degree of compliance). The obligation of following a specific legislation or norm was not considered, but rather the presence of descriptions, details or measurements concerning each selected management or procedure.
Tables were built using the criteria described above, and the average of the scores was calculated both for the specific type of demand and for each evaluated country and economic block, in order to verify and quantify how much they depart from or agree with the international trade codes on the selected animal well-being issues. Since welfare is a complex theme combining both subjective and objective aspects of animal life quality, the scores were granted based on the existence of specific norms that addressed solely to the selected items.
Comparative analysis of the mean score values was used for evaluating the performance of each country or economic block in terms of addressing the welfare legislation for both broiler and swine production, regarding the chosen types of demand. The software Minitab (2005) was used for the statistical analysis at a confidence interval of 95%.
RESULTS AND DISCUSSION
The following resultant scenario was described based on the operational decisions about animal welfare, settled around the setting and implementation of standards on the threshold limit. This is due to the implication of the policy objective of adopting "higher" welfare standards, which is is not relevant until the necessary norms are universally put into practice.
Broiler -The comparative score scenario between Brazil, European Union, Australia and the United States of America with respect to the welfare normative demands in poultry production indicates that Brazilian norms are highly lacking in addressing this issue (Table 1) .
Both transportation scenarios are rarely discussed in the scientific literature resulting in few facts that may subsidize codes or regulations; besides, the way of transporting animals may vary from one country and region to others, as well as the use of specific designed trucks. The text of the European Commission (2007) points out the transportation on roads as an important issue to be under a specific directive; as well as the material in EUREPGAP (2005) has a special chapter that addresses the way the workers apply the fasting restrictions prior to slaughter.
Because the EU states generally adopt the mandatory directives, which are somehow similar to the norms suggested by EUREPGAP (2005), the corresponding score in this field was high (3.5 and 4.0 respectively). The score given to the USA was 3.0 due to the lack of specific legislation, and Australia got 3.5 as the country adopts legislation that has specific topics regarding this matter, although lacking in details. In both the USA and Australia the adoption of the norms is voluntary.
Low score was given to Brazil (1.0 and 1.5) as the legal background of this topic does not go beyond the mention that the birds need to be handled carefully, not stating any specificity in this procedure. Grandin (1997) and Freeman (1988) enhance the meaning of having specific norms regarding the handling and transportation, since neglecting them may compromise flock´s or herd´s overall well-being. Araújo et al. (2005) and Pizzolante et al. (2007) found that birds were not subjected to beak trimming present more aggressiveness, and there is larger feed ration loss when compared to trimmed birds. This subject is addressed in the Brazilian norms related to breeders, recommending being careful about trimming but not indicating how the procedure needs to be done, thus the given score was 2.0. Legal normative texts are published in the USA regarding the beak trimming procedure, even though in a fuzzy way, and because of that the score was set as 3.5. Both in Australia and in the European Union there are specific norms regarding broiler breeder beak trimming, thus the given score in this item was 4.0, as specific management for the trimming is not fully stated.
Rearing condition is well discussed in the norms and legislations of developed countries as it is an issue responsible for high mortality in the flock; however, published knowledge on this matter still did not convert into Brazilian norms Araújo et al. 2005; Tinôco & Gates, 2005; Miragliotta et al, 2006) . Because of that a score of 2.5 was credited to Brazil, while the USA, Australia and the EU were given the score of 4.5, as the content of their current legislations present more detailed information and are quite similar. Both feeding systems and nutrition are well discussed in Brazilian literature (Silva, 2000) ; however, this knowledge has also not yet been converted into norm or published as a good practice guidance (Avila et al., 2007) . Thus the score given to Brazil in this subject was 3.0. Both Australia and the USA have specific norms dealing with this matter in terms of feeding access, nutrition and the amount of serving, and for that their given scores were 4.0.
As for the housing air quality the current literature states limits for ammonia concentration and even though there is available national publication on this subject, it lacks in specific knowledge of the impact on broiler production under specific conditions (Ogilvie et al., 2000; Miragliotta et al., 2002) . That led to qualify Brazil with a score of 3.5. The USA, Australia and the EU adopt specific norms and legislation indicating levels of tolerance and ways of mitigation of gas exposure, and thus their score were 4.0 (due to less information when compared to the other two), 4.5 and 4.5 respectively. Heat stress has been well discussed in literature over the last twenty years including data under tropical and sub-tropical housing (Albright, 1990; Curtis & Backstrom, 1992; Cony & Zocche, 2004; . However, neither in Brazilian nor in the USA norms was included, leading to a score of 3.0 for both countries. The EU followed by Australia established norms with detailed rearing temperature limits as well as limits for heat stress exposure, thus their given scores were 4.5. Animal noise level exposure was not clearly addressed in the normative texts and the given score for this topic for Brazil was 1.0, while for both the EU and the USA it was 2.5, and for Australia it was 2.0 due to proportional information on available current codes. Considering all types of studied demands the average score of Brazil regarding broiler production welfare norms was significantly below the mean score of the studied counterparts (2.1; p < 0.05). The scenario of Brazilian norms and legislations for broiler production compared to its counterpart countries and economic block (USA, Australia and EU) shows that there is not a significant difference (p < 0.05) between norms and legislations related to the demands of heat stress, feeding management and general rearing conditions adopted in Brazil and other countries/economic blocks (Figure 1) . Regarding ammonia concentration, noise level, beak trimming and transportation to rearing there was a significant difference between the groups (p < 0.05). For transportation from farm to slaughter Brazilian codes of good practices lack in detail and content, and they were below average (p < 0.05).
Calculating the mean score value of the remaining poultry meat producers and comparing them to Brazil it was found that this country only meets nearly 58% (p < 0.05) of the highest level of trade demand which is applied the private certification institution EUREPGAP (2005).
Swine -Swine welfare is a multidimensional concept and its assessment includes resource-based and animal-based measures such as stereotypic behavior, space allowance and air quality inside housing, for determining on-farm risk factors concerning the provision of resources, as well as management, stockmanship and farm characteristics. Based on these factors the scores were given to the selected countries and economic blocks (Table 2) .
Due to the detail of information in directive instructions the EU was given the score of 3.0 for the transportation within the farm although lacking in details on handling of the animals; and 4.0 for the transportation from farm to slaughter as it addresses up to fasting time and forms of transportation (Brüninghaus, 1993; Waterhouse, 1996; European Commission, 2005) . Australia was given the same scores as the country adopts norms that are very similar to the European directives in this subject. Even though there is available literature on swine welfare issues, Brazilian codes of good practices are weak in addressing specific transportation issues, thus the given score was 1.0 and 1.5 for both transportation aspects (Chagnon et al., 1991; Tolon & Nääs, 2005) . The USA scores (3.0 and 4.0) partially follow the norms described in EUREPGAP (2005), although lacking in specific details such as waiting time prior to slaughter. Regarding rearing conditions the EU establishes quite high standards based on the available specific literature towards swine rearing under particular climate conditions, and for this the given score was 4.5 (Cossins & Bowler, 1987; Rinaldo & Le Dividich, 1991) . In Brazil producers rely on limited information from technical textbooks that are informative, and due to this the given score was 3.0. In Australia specific mandatory legislation has been developed specifically to feeding strategies which led to the given score of 4.0, as well as the USA where producers generally follow the international norms in voluntary way. As the EU normative has straight agreement with the EUREPGAP (2005) towards feeding and drinking water strategies such as spacing, amount of feeding and drinking water quality, the given score was 4.5. Rinaldo & Dividich (1991) and Brown-Brandl et al. (1998) show that both feeding and drinking management are directly related to the animal well-being and may induce loss in production when neglected. In Brazil the producers are led by code of good practice textbooks (Amaral et al., 2006) in which the items are mentioned with limited details or limits, thus the given score was 3.5. The USA producers voluntarily adopt codes with more detailed instructions, and the given score for this item was 4.0.
Housing environment has well established standards and norms in developed countries specially with respect to heat stress exposure and ammonia concentration; however, ventilation issues and the whole environmental scenario is not completely described in the EU directives (score 4.5), while in Brazil producers have codes of good practices indications (score 3.0), and in the USA farmers voluntarily adopt partially the equivalent to the EU standards (given score 4.0). Australia producers follow norms very close to the EU directives, besides accessing the producers more detailed text material, had a given score of 4.5.
Ammonia concentration may be harmful to pigs in the early age which leads to bad welfare (Sobestiansky et al., 1991; Takai et al., 1998; Wathes et al., 2002; Queiroz et al., 2005; Sampaio et al., 2007) . Housing dimensions and rearing conditions are well addressed in the literature and subsidize international legislation (Cossins & Bowler, 1987; Rollin, 1995; Grandin, 2000) . Australia, the EU and the USA point the limits in the current norms; however, they lack in detailed information regarding heat stress exposure and ventilation issues (score 4.0). In Brazil producers voluntarily adopt codes of good practice textbooks although they do not address limits (score 3.0).
When comparing all scores for swine production it was found that there was no variation between available norms in Australia, the USA and the EU (p < 0.05) for all types of demands, and they had higher standard than in Brazil (Figure 2) . No difference was found in the group (p < 0.05) for the demands of heat stress, feeding and transportation from farm to slaughter. Considering ammonia concentration and rearing, difference (p < 0.05) was found between the scores related to the presence of norms and legislation in Brazil, when compared to the other counterparts.
Transportation within the farm, understood as the moving of animals from a building to other during the production cycle, was the item Brazil had the lowest score (p < 0.05). However, the other countries and economic block states somehow neglect partially this issue.
Animal welfare concerns described in the recent EU normative should not motivate trade restrictions on imports of both poultry and swine products from developing countries into the EU (European Commission, 2007; Horne & Achterbosch, 2008) . However, the European Commission has defined strong ambitions for improving animal welfare in the EU and its trading partners, and is subsidizing discussions on animal protection within the World Organization for Animal Health (OIE) which is accepted under the World Trade Organization (WTO) agreement as the body that sets the standards on animal health issues in global trade, and has established a working group on animal welfare. Although the WTO has not explic- itly recognized animal welfare as a legitimate cause for impeding trade, the EU has advocated this issue on the agenda for international negotiations. On the other hand, the member countries of OIE agreed on developing general guidelines for animal welfare in relation to slaughter, transportation and killing of animals for disease control purposes (OIE, 2004) . For the coming years, even though desired, it cannot be expected that the OIE will promptly provide comprehensive global standards on animal welfare at the farm level, and this will leave the meat production countries without specific international guidance other than recognized specific directives or codes of good practices. The fact remains that higher standards of animal welfare are highly related to consumer's personal choice and possibly dominated by income level, education, and awareness. Further, the overall adoption of such rules is directly associated with simple and definable features of animal production systems, that can be widely recognized by consumers and presented explicitly, and certifiable as product characteristics.
CONCLUSIONS
A scenario was built for comparing the adoption of farm welfare norms of meat exporting countries and economic blocks, by imputing a subjective scoring system. Among the compared meat producer countries Brazil seized the lowest overall score for both broiler and swine production, meaning that the country has the opportunity to develop or adopt norms which are adequate to its specific rearing and economical conditions, for better competing in the international meat trade.
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